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(54) Method of diying solid polymer and drying apparatus 



(57) Drying of a solid polymer is disclosed in which 
a solid polymer obtained by polymerization (or a product 
of modification of the solid polymer) is contacted with a 
drying gas so that any solvent and/or unreacted polym- 
erization feed materials remaining In the solid polymer 
are renrK>ved to thereby dry the solid polymer, and in 
which a gaseous polymerization feed material is used 
as the dryvig gas and contacted with the solid polymer 
to thereby dry the solid polymer (step i), and the result- 
ant solid polymer is contacted with a drying gas which 
contains an inert gas (step ii). The drying gas can be 
recovered from the step (i) and part thereof can be re- 
cycled through a polymerization step as it is or be recy- 
cled, after cooling the drying gas to thereby remove any 
condensed components, to the step (i). Not only can the 
solid polymer be efficiently dried but also the solvent and 
unreacted polymerization feed materials recovered 
from the solid polymer can efficiently be recycled by the 
disclosed method. 
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Description 

The present invention relates to a method of drying a solid polymer by removing any solvent and/or polymerization 
feed materials therefrom to thereby dry the same and a drying apparatus capable of efficiently performing the drying. 
5 The solid polymer obtained by polymerization generally contains unreacted polymerization feed materials and 

solvents employed in the polymerization. For example, the powdery olefin polymer (LLDPE) obtained by a vapor phase 
polymerization of ethylene and 1-hexene contains 1-hexene as a polymerization feed material, a diluent used in the 
polymerization, a catalyst slurry solvent, etc. 

The above solid polymer containing unreacted polymerization feed materia! has the danger of explosion at the 
10 time of molding or use thereof. Further, the diffusion of unreacted polymerization feed material and solvent contained 
in the solid polymer into the atmosphere is not favorable from the viewpoint of environmental protection. Therefore, It 
is a common practice to subject the solid polymer obtained by polymerization to a drying step in which any solvent and 
unreacted polymerization feed materials remaining in the solid polymer are removed with the use of a drying gas. 

I n the liquid phase polymerization such as the slurry polymerization or solution polymerization, the obtained polymer 
IS fluid is preliminarily dried by, for example, the centrifugal separation or flash drying to thereby obtain the solid polymer, 
which Is dried with the use of a drying gas as mentioned above. 

In the above drying of the solid polymer, air or an inert gas such as nitrogen is used as the drying gas. For example, 
Japanese Patent Publication No. 62(1 987)-47441 describes a method in which an olefin polymer is earned into a drying 
vessel with the use of a gas (Inert gas) which is inert to monomers and contains substantially no oxygen and the olefin 
20 polymer Is countercurrently contacted with the drying gas (inert gas) to thereby remove unpolymerized gaseous mon- 
omers from the solid olefin polymer while recycling part of the drying gas to the drying vessel. Further, Japanese Patent 
Publication No. 7(1 995)-5661 proposed a method in which, in the drying of a polyolefin, a gas containing water is used 
as the drying gas to thereby carry out deactivation of the catalyst used in the polymerization simultaneously with the 
drying of the polyolefin. 

2S Thus, the recycling of the drying gas (inert gas) to the drying vessel is known with respect to the drying of the solid 

polymer. 

In this connection, the inert gas recovered after drying contains solvent and unreacted polymerization feed mate- 
rials, so that recycling of the inert gas to the reaction system would enable effective utilization of the solvent and 
polymerization feed materials. However, recycling of the drying gas recovered in the drying step as it is to the reaction 
30 system would cause mixing of a large volume of inert gas in a polymerizer concurrently with the introduction of the 
solvent and polymerization feed materials, so that the inert gas which is not consumed by the polymerization reaction 
is accumulated to thereby lower the polymerization efficiency. This inert gas is withdrawn by btowoff of all gases from 
the polymerizer, which is not only economically disadvantageous but also unfavorable from the viewpoint of air pollution, 
etc. 

35 Therefore, it is desirable to separate the solvent andAor unreacted polymerization feed materials recovered in the 

drying step from the inert gas before effecting recycling to the polymerization system, and rt is contemplated to perform 
such separation by, for example, the super-cold separation or adsorption separation. However, huge cost is inevitable 
in recycling the unreacted polymerization feed materials recovered by executing the above separation. Accordingly 
the solvent and unreacted polymerization feed materials recovered from the drying step have occasionally been incin- 

40 erated or discarded without conducting separation and recycling. 

As mentioned above, the solvent and/or unreacted polymerization feed materials recovered in the drying step have 
ineffectively been disposed of. and the development of a method of effectively recovering and recycling them is strongly 
demanded from the viewpoint of effective utilization of polymerization feed materials and from the viewpoint of envi- 
ronmental protection. 

45 The present invention has been made in view of the above prior art, and the object of the present invention is to 

provide a method of drying a solid polymer, which method enables not only efficient drying of the solid polymer but 
also efficient reutilization of the solvent and/or unreacted polymerization feed materials recovered from the solid pol- 
ymer, and to provide a drying apparatus capable of efficiently carrying out the above drying. 
The method of drying a solid polymer according to the present invention comprises: 

so contacting a solid polymer obtained by polymerization (or a product of modification of the solid polymer) with a 

drying gas so that any solvent and/or unreacted polymerization feed materials remaining in the solid polymer are 
removed to thereby dry the solid polymer, wherein said drying gas-contacting treatment comprises: 

(i) contacting said solid polymer with a gaseous polymerization feed material as a drying gas to thereby dry the 
ss solid polymer, and 

(ii) contacting the resultant solid polymer with an inert gas-containing drying gas. 

It is preferred that a solvent and unreacted polymerization feed materials remain in the solid polymer to be treated 
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in the step (i) in an amount of 20% by weight or less. 

Part or whole of the drying gas recovered from the step (i) can be recycled to a polymerization step. 

Part of the drying gas recovered from the step (i) can be recycled to the step (i). The drying gas recycled to the 
step (i) may contain hydrogen. 

s The inert gas contained in the drying gas supplied to the step (ii) is, for example, helium, nitrogen, argon, neon or 

a mixture thereof, and the drying gas may contain oxygen in an arTK)unt of not greater than 5%. 

The drying gas supplied to the step (ii) may contain gaseous or liquid water. The drying gas may have a water 
content of 0.1 to 70% by weight. 

In the present invention, it is preferred that each drying gas be countercurrently contacted with the solid polymer 
10 In the above present Invention, the drying gas recovered from the step (i) can be recycled to a polymerization step. 

Aitematlvely, the recovered drying gas can be cooled to thereby remove condensed components, foltowed by recycling 
of part thereof to the step (i). 

The apparatus for drying a solid polymer according to the present invention comprises: 

IS a drying vessel, 

a solid polymer supply port (b) disposed in the vicinity of a top of the drying vessel, 

a first drying gas supply port (c) disposed in a position below the solid polymer supply port (b) for supplying a first 
gas containing a gaseous polymerization feed materials, 

a first drying gas-discharging port (a) disposed at the top of the drying vessel for discharging the first drying gas 
^0 which has been countercurrently contacted with the solid polymer, 

a second drying gas supply port (d) disposed in the vicinity of a bottom of the drying vessel for supplying a second 
drying gas containing an inert gas, 

a second drying gas collector 0 arranged within the drying vessel in a position between the first drying gas supply 
port (c) and the second drying gas supply port (d) for collecting the second drying gas which has been counter- 

2S currently contacted with the solid polymer, 

a recovery pipe line E extending from the second drying gas collector D to outside the drying vessel for leading 
the second drying gas which has been collected by the second drying gas collector D outside the drying vessel, and 
a solid polymer discharge port (e) disposed at the bottom of the drying vessel for recovering the solid polymer 
which has been dried by the countercurrent contact with the first drying gas and the second drying gas, 

30 wherein the second drying gas collector D separates the inside of the drying vessel so that a zone for contacting 

the solid polymer with the first drying gas is defined above the second drying gas collector D and that a zone for 
contacting the solid polymer with the second drying gas is defined below the second drying gas collector D. 

It is preferred that the recovery pipe line E have a second drying gas recovering end positioned in the vicinity of a 
3S lower part of the second drying gas collector D. 

The drying vessel Is preferred to be a hopper-type drying vessel having a cylindrical body part provided at its top 
with a domed part and at its bottom with a hopper port having a reversed conical form. 

The second drying gas collector D may be composed of a protrudent plate disposed protrudently from an inner 
wail of the drying vessel toward a center axis of the drying vessel, the above protrudent plate having an opening at its 
center. 

The protrudent plate may have an inverted conical or inverted polygonal pyramid form having an opening at its 
apex. Further, the protrudent plate may comprise a disc form body having an opening at its center and a cylindrical 
part which extends below from the vicinity of the opening. 

In the drying apparatus of the above structure, it is preferred that a ratio of D^/D^, in which represents an inside 
^ diameter of the cylindrical part and D4 represents a minimum inside diameter of the opening of the second drying gas 
collector D, range from 0.3 to 0.8. 

The second drying gas collector D may be composed of an umbrella shaped collecting member arranged in a 
center of the drying vessel so as to provide a spacing between an outer peripheral part of the umbrella shaped collecting 
member and an inner wall of the drying vessel. 
^ TheumbrellashapedcollectorDmay havetheformof acone, apolygonalpyramidoradisc. In the drying apparatus 

of the at)ove structure, it Is preferred that a ratb of CVD^. in which represents an inside diameter of the cylvidrical 
part and represents a maximum inside diameter of the second drying gas collector D. range from 0.2 to 0.8. 

The drying apparatus may comprises a greater diameter part having an inside diameter D5 disposed between an 
cylindrical part having an inside diameter and a hopper part. It is preferred that the above D5 be greater than the 
^ above D-i and that a ratio of D^/Os range from 0.2 to 0.7. 

Embodiments of the invention will now be described by way of example only with reference to the accompanying 
drawings, in which:- 
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Fig. 1 is a schematic diagram showing a preferred embodiment of the method of drying a solid polymer according 
to the present Invention which is performed by the use of a drying apparatus of the separate vessel type; 
Fig. 2 is a schematic diagram showing an another embodiment of the method of drying a solid polymer according 
to the present invention, which is performed by the use of a drying apparatus of the nonseparate vessel type; 
Fig. 3 is a schematic explanatory view showing an unseparate-type drying vessel in a preferred embodiment of 
the drying apparatus according to the present Invention; 

Fig. 4 is a schematic explanatory view showing an unseparate-type drying vessel in the other embodiment of the 
drying apparatus according to the present invention; and 

Fig. 5 Is a schematic explanatory view showing an unseparate-type drying vessel in another embodiment of the 
drying apparatus according to the present invention. 

The method of drying a solid polymer and drying apparatus according to the present Invention will be described 
in detail below. 

In the present invention, the term 'polymerization' is occasionally used to collectively mean not only homopolym- 
erlzation but also copolymerization, and the term •polymer" is occasionally used to collectively mean not only a homopol- 
ymer but also a copolymer. 

(Method of drying solid polymer) 

The method of drying a solid polymer according to the present Invention con^rises contacting a solid polymer 
obtained by polymerization (or a product of modification of the solid polymer) with a drying gas so that any solvent and/ 
or unreacted polymerization feed materials remaining in the solid polymer are removed to thereby dry the solid polymer 
Further, in the present invention, the drying gas contacting treatment comprises: 

(i) contacting the solid polymer with a gaseous polymerization feed material as a drying gas to thereby dry the 
solid polymer, and 

(ii) the resultant solid polymer with an inert gas-containing drying gas. 

In the present invention, the solid can be lumps which do not reunite with each other and Is especially preferred 
to be powdery (including particulate form). 

In the present invention, although the polymer subjected to drying Is not particularly limited as long as It is solid 
and also the polymerization method and polymerization feed materials are not particularly limited, the solid polymer is 
preferred to be one produced from polymerization feed material which can be used as the drying gas described below 
and. in particular, the polymerization feed material is preferred to have a boiling point of not higher than 20"C at the 
atmospheric.pressure. 

The above solid polymer is. for example, a polyolefin. Suitable polyolefins are polymers derived from olefins having 
2 to 10. preferably, 2 to 6 carbon atoms. Examples of such olefins include ethylene, propylene. 1-butene, 2-butene. 
isobutene and 1-hexene. The polyolefin may be any of homopolymers, random copolymers and block copolymers of 
these olefins. 

Specific examples of the polyolefins include homopolyethylene, high density polyethylene (HOPE), a copolymer 
of ethylene and another a-olefin such as linear low density polyethylene (LLDPE). homopolypropylene, a block poly- 
propylene and a random polypropylene. The above polyolefin comprising an olefin as a principal component may 
contain an appropriate amount of comonomer component such as a diene. 

The above polyolefin may be produced with the use of an appropriate common polymerization catalyst such as 
Ziegler catalyst, metallocene catalyst or Phillips catalyst according to the custonnary polymerization method. With re- 
spect to the polymer produced by the liqukjl phase polymerization method such as the slurry or solution method, how- 
ever, a preliminary drying is conducted by the centrifugal separation method, spray drying method or flash drying 
method to thereby obtain the soiki polymer prior to the drying of the present invention. 

Among these, the present invention is suitable for drying the solid polymer produced by the slurry polymerization 
or vapor phase polymerization. 

Also, in the present inventon. the product of modification of the above polymer can be subjected to the drying. 
This pitxiuct is, for example, a product of chlorinatton, graft modification or maleic conversbn. 

In particular, it is preferred that the amount of solvent and unreacted polymerization feed materials which remain 
in the solid polymer to be subjected to the drying be not greater than 20% by weight. 

In the step (i) of the present invention, a gaseous polymerization feed material is used as a drying gas and contacted 
with the solid polymer In the drying vessel. 

The polymerizatk)n feed material employed as the drying gas preferably has a boiling point of not higher than 20*C 
at the atmospheric pressure and is one having been used In the production of tiie solkl polymer. When a plurality of 
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polymerization feed materials are copolymerized in the polymer production, the drying gas may have the same com- 
position as the polymerization feed materials although at least one of the polymerization feed materials nnay be used 
as the drying gas. 

When one of the copolymerization feed materials is used as the drying gas. the material having a low boiling point 
s is preferably used. For example, when an ethylene/1 -butene copolymer is produced as the solid polymer, it is preferred 
that ethylene be employed as the drying gas. 

In the above step (i), unreacted polymerization feed materials and solvent employed in the polymerization which 
remain In the solid polymer are purged and removed from the solid polymer by the contact of the solid polymer with 
the drying gas and recovered together with the drying gas. 
10 In the present Invention, part of the recovered drying gas can be recycled to the step (i). The recycled drying gas 

(recycle gas) may hydrogen and other compounds used in the polymerization. A lower boiling component of copoly- 
merization feed materials, for example, ethylene may be newly added to the recycle gas before circulation. 

Part or all of the drying gas recovered from the step (I) can be recycled to the polymerization step. When a copo- 
lymerization is carried out in the polymerization system, according to necessity, the recovered drying gas can be cooled 
IS to thereby effect condensation so that it separated into nonvolatile components and volatile components before 
recycling to the copolymerization system. 

An inert gas Is used as the drying gas supplied to the step (ii). The inert gas is, for example, helium, nitrogen, 
argon, neon or a mixture thereof. 

Although the drying gas supplied to the step (ii) may contain oxygen, it is preferred that the oxygen content of the 
0^ ^0 drying gas be not greater than 5% by weight. 

^ The drying gas supplied to the step (ii) may contain gaseous or liquid water. The drying gas may have a water 

content of 0.1 to 70% by weight, preferably, 1 .0 to 60% by weight and, still preferably, 2.0 to 40% by weight. 

In the above steps (i) and (ii) of the present invention, it is preferred that the solid polymer be countercurrently 
contacted with the drying gas. The above drying is preferably conducted at 40 to 120^0, especially, 60 to 110*^0 and, 
8tiil especially. 70 to 100<*C under a pressure of 0.0001 to 0.6 MPa, especially. 0.001 to 0.35 MPa and, still especially, 
0.01 to 0.25 MPa. The apparatus cost would be lower when the pressure is over the atmospheric pressure (0.01 MPa). 

With respect to the drying time, it is preferred that, in the step (i). the duration during which the drying gas (gaseous 
polymerization feed material) contacts the solid polymer (residence time) range from 0.5 min to 5 hr, especially, from 
1 min to 3 hr, still especially, from 2 mIn to 2 hr and. further still especially, from 5 min to 1 hr. In the step (il), it is 
30 preferred that the duration during which the drying gas (Inert gas) contacts the solid polymer (residence time) range 
from 1 min to 3 hr, especially, from 1 min to 1 hr, still especially, from 2 min to 30 mm and, further still especially, from 
5 min to 20 min. 

Part of the polymerization feed nnaterial employed as the drying gas is polymerized in the above step (i). This 
polymerization emits polymerization heat which warms the inner part of the solid polymer to thereby enhance degassing 
3S effect with the result that unreacted polymerization feed materials (nrK}nomers) and solvent can effectively be removed 
from the solid polymer. At that time, the polymerization feed material dissolved in the solid polymer also polymerizes, 
so that the anrx)unt of polymerization feed materials remaining In the solid polymer is more effectively reduced than in 
the drying with the use of an ineri gas. 

Thus, the monomer removal ratio of the step (i) is higher than in the drying with the use of an inert gas, so that the 
40 usage of expensive inert gas such as nitrogen can be reduced in the step (ii). 

The drying gas recovered from the step (i) contains substantially no inert gas, so that it can be directly recycled 
to the polymerization system without causing the problem of accumulation of Inert gas In the polymerization system. 
Therefore, it is unnecessary to blow polymerization gas into the atmosphere in order to remove inert gas from the 
polymerization system, so that the drying process of the invention can effectively recycle untreated gas and/or solvent 
^ and is favorable from the viewpoint of environmental protection. 

The content of polymerization feed materials in the solid polymer to be dried in the step (ii) is reduced to a very 
low value, so that the danger of explosion Is low. Thus, the drying gas employed In the step (ii) is not needed to be 
expensive inert gas such as highly purified nitrogen and may contain oxygen if the amount thereof is snrall. Therefore, 
the cost of the drying gas can be reduced. 

Further, when water is used in the step (ii), the metallic catalyst component and cocatalyst remaining in the polymer 
can be inactivated, so that the reaction with a stabilizer used at the time of granulation can be inhbited to thereby 
enable preventing pellet coloring. 

In the execution of the above drying according to the present invention, as long as it is feasible (i) to contact the 
gaseous polymerization feed material with the solid polymer and. thereafter, (ii) to contact the solid polymer with the 
inert ^s, the step (1) and step (ii) may be performed in respective separated drying vessels (the separate vessel type 
apparatus) or may be perfonned In a single drying vesssel (the nonseparate vessel type apparatus). 

Although, for example, the below descnbed drying apparatus according to the present invention can be used as 
the above apparatus of the nonseparate vessel type, first, a preferred embodiment of the method of drying a solid 
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polymer according to the present invention will be illustrated with reference to an execution using a drying apparatus 
of the separate vessel type including two drying vessels (hoppers) connected in series with each other as shown in 
Fig. 1. 

In the following description, for convenience, polyolefin (LLDPE) is used as the solid polymer. 
5 Referring to Fig. 1 . the solid polyolefin Is led from an upper line 1 of a drying vessel A into the drying vessel A. An 

olefin gas (carrier gas) is fed from a line la into the line 1 . 

An olefin (tor example, ethylene) gas (drying gas) heated by for example, steam at a heater 3 is introduced through 
a lower line 2 into the drying vessel A. 

In the drying vessel A, the solid polyolefin is countercurrently contacted with the olefin gas (step I). 
10 The solid polyolefin is discharged from a bottom of the drying vessel A through a line 11 and led throu^ a top of 

a drying vessel B into the drying vessel B. 

On the other hand, a recovery gas discharged through a top line 4 from the drying vessel A Is led through a cooler 
5 into a condenser 6 in which the liquid phase Is separated from the vapor phase. Separated high^iling-point com- 
ponent (comonomer) is recycled from the condenser 6 through a line 10 into the polymerization system by the use of 
IS a compressor 9. Part of the gas (ethylene gas) is recycled through a line 7 into the polymerization system while the 
other ethylene gas is recycled through a line 8 and, for example, the line la into the drying vessel A. 

In the drying vessel B, the solid polyolefin supplied through the line 11 from the drying vessel A is countercurrently 
contacted with an inert gas-containing drying gas fed through a lower line 12 of the drying vessel B (step ii). 

The dried solid polyolefin is withdrawn through a line 13 from a bottom of the drying vessel B. The drying gas 
20 discharged through a line 1 4 at a top part of the drying vessel B is led to flare. 

The drying gas discharged through the line 14 may be recycled to the drying vessel B. 

Fig. 2 shows the other embodiment of the method of drying a solid polymer according to the present inventton In 
which the drying is performed by the use of the below described single drying vessel (the nonseparate vessel type 
apparatus) according to the present invention. In Fig. 2. the same numerals and nnarks as those in Fig. 2 indicate the 
25 same parts or portions as those in Fig. 3. The process of Fig. 2 is the same as that of Fig. 1 using the above drying 
vessels A and B except that use is made of the drying apparatus of the nonseparate vessel type in which a vessel C 
is used. 

Although the embodiment in which the polyolefin (LLDPE) as the solid polymer is dried has been described above, 
it naturally in no way limit the scope of solid polymers which can be dried in the present Invention, 



(Polymer drying apparatus) 



The apparatus for drying a solid polymer according to the present invention comprises a single drying vessel 
adapted to sequentially countercurrently contact a solid polymer with a first drying gas containing a polymerization 
35 feed material and a second drying gas containing an inert gas to thereby dry the solid polymer. Ihe above apparatus 
comprises: 



a drying vessel. 

a solid polymer supply port (b) disposed in the vicinity of atop of the drying vessel. 
40 a first drying gas supply port (c) disposed in a position below the solid polymer supply port (b) for supplying a first 

gas containing a gaseous polymerization feed materials, 

a first drying gas-discharging port (a) disposed at the top of the drying vessel for discharging the first drying gas 
which has been countercurrently contacted with the solid polymer, 

a second drying gas supply port (d) disposed in the vicinity of a bottom of the drying vessel for supplying a second 
45 drying gas containing an inert gas, 

a second drying gas collector D arranged within the drying vessel in a position between the first drying gas supply 
port (c) and the second drying gas supply port (d) for collecting the second drying gas which has been counter- 
currently contacted with the solid polymer. 

a recovery pipe line E extending from the second drying gas collector D to outside the drying vessel for leading 
50 the second drying gas which has been collected by the second drying gas collector D outside the dryhg vessel, and 

a solid polymer discharge port (e) disposed at the bottom of the drying vessel for recovering the solid polymer 
which has been dried by the countercurrent contacts with the first drying gas and the second drying gas. 

Referring to Figs. 2-5, the second drying gas collector D separate the inside of the drying vessel C so that a zone 
55 for contacting the solid polymer ¥vith the first drying gas to thereby dry the solid polymer is defined above the second 
drying gas collector D and that a zone for contacting the solid polymer with the second drying gas to thereby dry the 
solid polymer is defined betow the second drying gas collector D. 

It is preferred that the recovery pipe line E have a second drying gas recovering end positioned in the vicinity of a 
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lower part of the second drying gas collector O, especially, positioned within the height of the second diying gas collector 
D. 

The above drying vessel C is preferred to be a hopper-type drying vessel having a cylindrical part 21 provided at 
its top with a domed part 22 and at its bottom with a hopper part 23 having a reversed conical fonm. 

In the above drying apparatus of the nonseparate vessel type, the residence time at each zone for contacting 
(contact zone) can be determined by the formula: 

volume of each contact zone (m^)/feed powder volume velocity (m^/min). 

In the above formula, each of volums and velocity are defined as follows. 

1 ) volume of zone In which the solid polymer contacts the first drying gas (m^): 

It Is defined as an internal volume (calculated under the assumption that a volume excluded by the collector D 
does not exist) of the drying vessel which extends from the lowest end of the collector D to polymer powder plane (its 
height is measured by a level gauge). Usually, it is deter-mined by the formula: 

sectional area of a cylindrical part (nr>2)/polymer height from the lowest end of collector D (m). 

The height of polymer powder plane can be measured by the use of any of paddle type, tuning fork type, ultrasonic 
type, load cell type and radiation (gamma ray) type level gauges. 

2) volume of zone in which the solid polymer contacts the second drying gas (m^): 

It is defined as an internal volume of the drying vessel which extends below the lowest end of the collector D. 
Usually, it is determined by the formula: 

volume of a cylindrical part which extends below the lowest end of collector D (m^) -i- volume of a hopper part (m^). 

3) feed powder volume velocity: 

It is determined by the fomnula: 
feed powder weight velocity^ulk density. 

The second drying gas collector D may be composed of an umbrella shaped collecting member arranged in a 
center of the drying vessel so as to provide a spacing between the oute r peripheral part of the umbrella shaped collecting 
member and an Inner wall of the drying vessel (See Fig. 3). 

The umbrella shaped collector D may have the form of a cone, a polygonal pyramid or a disc. 

The second drying gas collector D may be composed of a protrudent plate disposed protrudentfy from an inner 
wall of the drying vessel toward a center axis of the drying vessel, the above protrudent plate having an opening at its 
center (See Fig. 4). 

The protrudent plate may have an inverted conical or inverted polygonal pyramid form, each of which has an 
opening at its apex. Further, the protrudent plate may comprises a disc-fonm body having an opening at its center and 
a cylindrical part which extends bebw from the vicinity of the opening. 

In the hopper-type drying apparatus having a cylindrical part whose cross section is circular at its upper part as 
shown in Figs. 3 and 4, the hopper part (the dried polymer withdrawing part) ananged at the bottom of the vessel 
generally has a divergent angle of 20" to 70", preferably, 25" to 60" and. still preferably, 25" to 50". 

The collector D is prefen-ed to have a divergent angle ^2 20" to 120". especially, 40" to 90" and. still especially, 
50" to 90". 

When the collector has a sectfonal form as shown in Fig. 3, it Is preferred that a ratio of D2/D1 . in which represents 
an inside diameter of the cylindrical part and D2 represents a maximum inside diameter of the collector D, range from 
0.2 to 0.8. especially, from 0.3 to 0.6 and. still especially, from 0.4 to 0.55. 

When h-i represents the height from the dried polymer withdrawal port (e) to the second drying gas (inert gas) 
supply port (d) of the hopper part, it is preferred that a ratio of h^/D^, D, is the inside diameter of the cylindrical part, 
range from 0.05 to 0.5. especially, 0.1 to 0.3. 

Further, when h2 represents the height extending from the towest end of the cylindrical part to the first drying gas 
(gaseous polymerizatton feed material) supply port (c) and hg represents the height extending from the lowest end of 
the cylindrical part to the top of the collector D, it Is preferred that a ratio of hg/ha range from 1 .0 to 2.0, especially, from 
1.1 to 1.7. 

Still further, when ho represents the height extending from the towest end of the cylindrical part to the solid polymer 
supply port (b) and when D, = Dg (Dg is the maximum inside diameter of the hopper part), it Is preferred that h^/h^ 
range from 2 to 20, especially, from 3 to 15 and. still especially from 5 to 10. 

When use is made of the collector D as shown in Fig. 4 whose minimum instoe diameter is represented by D4. it 
is preferred that D4/D1 range from 0.3 to 0.8, especially, from 0.4 to 0.6. 
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In Fig. 4. and 02 have the same value ranges as those of the embodiment shown In Fig. 3. and ho - hg and 
- D4 have the same relationships (ratios) with each other as those in the embodiment shown in Fig. 3. 

The drying vessel is not limited to that having a shape of = Dg and may have a shape of an embodrment shown 
in Fig 5 The drying vessel C of the embodiment shown In Fig. 5 comprises a greater diameter part 25 having an inside 
5 diameter D5 between an cylindrical part 21 having an inside diameter and a hopper part 23. the above D5 being 

greater than the above D^. ^ . ^ 

In the above drying vessel C. it is preferred that the ratio of the inside diameter D1 of the cylindncal part to the 
inside diameter Dg of the greater diameter part (D1/D5). range from 0.2 to 0.7. especially, from 0.3 to 0.6. 

In the drying vessel of ^ in the embodiment, it is preferred that a ratio of average residence time at height 
10 ho to average residence time at height hg range from 2 to 20. especially, from 3 to 1 5 and, still especially, from 5 to 1 0. 

In the drying vessel of D5 of this embodiment, the greater diameter part of which D5 is greater than D,. 
However, in the present invention, a smaller diameter part of which diameter Dg is smaller than can be disposed 
between the cylindrical part and the hopper part. 

The configuration of the collector D is appropriately selected from among those mentioned above. When rt is 
15 desirable to realize a piston flow at a zone where the drying is conducted by the gaseous polymerization feed material 
in the drying apparatus of the present invention, either the above angle (t>2 is set at 20* to 40» or a baffle plate can be 
provided. However, the piston flow is not necessarily preferred in a zone where the drying is conducted by the inert gas. 

The method of drying a solid polymer according to the present invention enables not only efficiently drying the 
solid polymer but also efficiently recovering any solvent and unreacted polymerization feed materials remaining in the 
20 solid polymer and easily recycling them to the polymerization system or drying apparatus. 

Moreover, the use of the solid polymer drying apparatus of the present invention enables efficiently performing the 
above solid polymer drying using a single vessel. 

The present invention will now be illustrated in greater detail with reference to the following Examples, which in 
no way limit the scope of the invention. 



2S 



40 



45 



Examples 1 to 15 



The solid polymers specified in Table 1 were dried and the results are given in Table 1. 

Treatment results are shown as analytical results off high boiling point components (comonomer whose molecular 
30 weight is larger than that of principal reaction olefin, solvent, etc.) contained in the polymer. 

Measuring method: Powdery polymer was extracted with methyl isobutyl ketone and the extract was quantitatively 
analyzed by a gas chromatography . ^. . , 

In Examples 1 to 4 and 10 to 13. the drying was perfomried in accordance with the process of Fig. 1 (apparatus of 
the separate vessel type). ^ 
35 In Examples 5 to 9, 14 and 16, the drying was performed in accordance with the process of Fig. 2 (apparatus off 

the nonseparate vessel type). Referring to Fig. 3, the drying apparatus of the nonseparate vessel type employed in 
Examples 5 to 9. 14 and 15 is outlined by the following values: 



<>^=:50-,<|»2 = 75» 
D, = 0.35 m. D2 = 0.175 m. D3 = 0.075 m 
h^ = 0.08 m, hg = 0.25 m, hg =0.175 m. 



The polymer height was measured by the use of a gamma-ray level gauge (measuring instrument comprising a radiation 
source which emits gamma rays and a detection tube capable of detecting the gamma rays). 

so In each Examples 1 -1 5, as a result of conducting the drying of polymers using the apparatuses as shown In Figs. 

1 and 2, there was observed no contamination of an inert gas derived from the second drying gas (the Inert gas- 
containing drying gas) Into the recovery gas discharged through line 4. 

Moreover, in the production of polymers in Examples 1 -15 with using the drying apparatuses of Figs. 1 and 2. loss 
of monomers (including comonomers) could be reduced to approximately 40 by weight based on 100 of that in a 

ss production of polymers without using the drying apparatuses. 
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T;>hl«» 1-1 





Ex.1 


Ex.2 


Ex.3 


Ex.4 


Ex.5 


Solid polymer 

TVDG of DolvmeiT 
Polvmn. feed inat"l 


LLDPE (linear low density polyethylene) 
Ethylene / 1-hexnene 


Polymn. method 
State of catalyst 
at feed 


Vapor phase polymerization 
Solid 


MI (g/lOmin) 
Density (g/cm^) 
Powder bulk sp.gr. 
(g/lOmin) 

size (|im) 


4.0 
0.920 
0.420 

1050 


4.0 
0.905 
0.380 

1150 


4.0 
0.920 
0.420 

1050 


Drying method 

Drying vessel 

Agitation In vessel 
Pressure in vessel 
(Kg/cm3*6) 
do . Texnperature 


non- 
separate 
no 
0.1 

85 


non- 
separate 
no 
0.1 

70 


non- 
separate 
no 
1.5 

85 


non- 
separate 

no 
0.1 

85 


separate 

no 
0.1 

85 


1st drying gas type 

do. Flow rate 
(Nm3/hr) 

do .Upper part res. 
time (m) 

do. Lower part res. 
time (m) 


Ethylene (100%) 

20 
150 
30 


Ethylene 

/ H2 
(98%/2%) 
20 

30 

8 


Ethylene 
(100%) 

20 

150*1 

30 


do. Flow rate 

(Km3/hr) 


N2(100%) 
5 


Treatment results 

High b.p. coinponent 
in dried Dolvmer 


1-hexene + i-pentene *2 


Concn. at vessel 
Inlet (Dom) 


3000 


8500 


3200 


3000 


3500 


Concn. at vessel 
outlet (Dom) 


15 


130 


170 


700 


10 
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Ex. 6 1 


Ex.7 1 


Ex.8 


Ex.9 


Ex.10 


Solid polymer 

Type of polymer 
Polymn. feed mat'l 


LLDPE (linear low density 
polyethylene) 
Ethylene/ 1-hexnene 


LLDPE 
(ethy- 
lene/ 1- 
butene) 


HDDE 
(ethy- 
lene/1- 
nexenei 


Polymn • method 
State of catalyst 
at feed 


Vapor phase polymeriz< 
Solid 


ation 


hexane 
slurry 
Dolvmn. 


Ml (g/lOmin) 
Density (g/cm^) 
Powder bulk sp«gr« 
(g/lOmin) 
Powder particle 

size (^m) 


4.0 
0.905 
0.385 

1250 


4.0 
0.920 
0.420 

1050 


2.0 
0.930 
0.440 

900 


8.0 
0.966 
0.450 

350 


Drying method 

Drying vessel 

Agitation in vessel 
Pressure in vessel 
(Kg/cm^-G) 
do . Temperature 
( C) 


separate 

done 
0.1 

70 


separate 

done 
0.1 

50 


separate 

no 
0-1 

90 


separate 

no 
0.1 

85 


non- 
separate 
done 
0.1 

115 


1st drying gas type 

aO • r XOW £^Glue 

(Nm^/hr) 

do. Upper part res. 
time (m) 

do. Lower part res. 
time (m) 


Ethylene (100%) 

20 
150 *1 
30 


Ethylene 

/ H2 
{95%/5%) 

25 

150 *1 

30 


recycle 
gas*3 + 
ethylene 

20 

75*1 

15 


Ethylene 
/ H2 
(85%/ 
15%) 
150 

60 

15 


2nd drying gas type 

do . Flow rate 
(lba3/hr) 


N2(100%) 
5 


N2+O2 
(96.5% 
3.5%) 
5 


N2+ 
steam 
(90%10%) 
5 


5 


Treatment results 

High b.p. con5>onent 
in dried polymer 


1-hexene + i- 
pentene *2 


1- 
hexene 


1-butene 

+ 1- 
pentene 
*2 


n- 
hexane 
*6 


Concn. at vessel 
Inlet (ptJm» 


9000 


9000 


3600 


1500 


35000 


Concn. at vessel 
niiflet (ppm> 


80 


1200 


20 


30 


10 
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Ex.11 


Ex.12 


Ex.13 


Ex.14 


Ex.15 


Solid polymer 
Type of polymer 

Polymn. feed mat'l 


homopoly 
propy- 
lene 
propy- 
lene 


block polypropylene 
propylene/ethylene 


Polvmn . me^liod 
State of catalyst 
at feed 


Vapor phase polymerization 
hexane slurry 


MI (g/lOmin) 
Density (g/cm^) 
Ethylene content 
(mol %) 
Powder bulk sp.gr. 
(g/lOmln) 

size (|im) 


7.5 
0 

0.480 
630 


1.5 
18 
0.475 
700 


24 
17 
0.470 
650 


Drying method 

Drying vessel 

Agitation in vessel 

Pressure in vessel 

(Kg/cm3-G) 

do . Temperature 


non- 
separate 
done 
0.15 

110 


non-separate 

done 
2.1 

100 


separate 

done 
2.1 

100 


1st drying gas type 

do • Flow 

rate (Nm^/hr) 

do. Upper part res. 

time (m) 

do. Lower part res. 
cime (in) 


Propy- 
lene 
<100%) 
25 

20 

5 


Ethylene 
(100%) 

28 

20 

5 


Recycle 
gas*4 + 
ethylene 

2 

20 
1 
S 


Recycle 
gas*5 + 
ethylene 

8 

*1 

D 


2nd drying gas type 

do. Plow rate 
(Nm3/hr) 


N2 

5 


N2 + H2O 
(62.5 %, 37.5 %) 
8 


Treatment results 

High b.p. component 
In dried polvmer 


n-hexane 


Concn. at vessel 
inlet (DDin) 


3800 


3300 


2700 


3500 


2800 


Concn. at vessel 
outlet (DDn) 


70 


25 


20 


15 


10 
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*1: Residence time in first purge vessel when use is made 

of an apparatus of the separate purge vessel type. 
*2: i-pentene: polymerization medium used at the time of 

vapor phase polymerization. 
*3: recycle gas + ethylene: con^osition (96.3% of ethylene 

+ 2% of H2 + 2% of 1-butene) . 
*4: recycle gas + ethylene: coiqposition <76.3 mol% of 

ethylene + 0.2 mol% of H2 + 23.5 mol% of propylene). 
*5: recycle gas + ethylene: composition (68.5 mol% of 

ethylene + 3.1 mol% of H2 + 28.4 mol% of propylene) . 
*6: preliminarily dried. 



Clalma 

1. A method of diying a solid polymer which comprises contacting a solid polymer obtained by polymerization (or a 
product of modification of the solid polymer) with a drying gas so that any solvent and/or unreacted polymerization 
feed materials remaining In the solid polymer are removed to thereby dry the solid polymer, wherein said drying 
gas-contacting treatment comprises: 

(i) contacting said solid polymer with a gaseous polymerization feed material as a drying gas to thereby dry 
the solid polymer, and 

(il) contacting the resultant solid polymer with an Inert gas-containing diying gas. 

2. The method as claimed in claim 1 , wherein solvent and unreacted polymerization feed materials remain in the 
solid polymer to be treated in the step (i) in an amount of 20% by weight or less. 

3. The method as claimed in claim 1 or 2. wherein the drying gas is recovered from the step (i) and part or whole 
thereof is recycled to a polymerization step. 

4. The method as claimed in claim 1 . 2 or 3. wherein the drying gas is recovered from the step (i) and part thereof is 
recycled to the step (i). 

5. The method as claimed in claim 4, wherein the drying gas recycled to the step (i) contains hydrogen. 

6. The method as claimed in any one of the preceding claims, wherein said inert gas containing drying gas which is 
supplied In the step (li) contains helium, nitrogen, argon, neon or a mixture thereof as an Inert gas and has an 
oxygen content not greater than 5%. 

7. The method as claimed in any one of the preceding claims, wherein said inert gas containing drying gas which is 
supplied In the step (ii) contains gaseous or liquid water. 

a The method as claimed in claim 7. wherein the inert gas containing drying gas has a water content of 0.1 to 70% 
by weight. 
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9. The method as claimed in any one of the preceding claims, wherein each drying gas Is countercurrently contacted 
with the solid pofymer. 

10. An apparatus for drying a solid polymer which comprises: 

a drying vessel; a solid polymer support port (b) disposed in the vicinity of a top of the drying vessel; a first 
drying gas supply port (c) disposed in a position below the solid polymer supply port (b) for supplying a first 
gas containing a gaseous polymerization feed materials. 

a first drying gas-discharging port (a) disposed at the top of the drying vessel for discharging the first drying 
gas which has been countercurrently contacted with the solkj polymer, 

a second drying gas supply port (d) disposed in the vicinity of a bottom of the drying vessel for supplying a 
second drying gas containing an inert gas, 

a second drying gas collector D arranged within the drying vessel in a position between the first drying gas 
supply port (c) and the second drying gas supply port (d) for collecting the second drying gas which has been 
countercurrently contacted with the solid polymer, 

a recovery pipe line E extending from the second drying gas collector D to outside the drying vessel for leading 
the second drying gas which has been collected by the second drying gas collector D outside the drying vessel, 
and 

a solid polymer discharge port (e) disposed at the bottom of the drying vessel for recovering the solid polymer 
which has been dried by the countercurrent contacts with the first drying gas and the second drying gas, 
wherein the second drying gas collector D separates the inside of the drying vessel so that a zone for contacting 
the solid polymer with the first drying gas is defined above the second drying gas collector 0 and that a zone 
for contacting the solid polymer with the second drying gas is defined below the second drying gas collector D. 

11. The drying apparatus as claimed in claim 10, wherein the recovery pipe line E has a second drying gas recovering 
end positioned in the vicinity of a lower part of the second drying gas collector D. 

12. The drying apparatus as claimed in claim 1 0 or 1 1 , wherein the drying vessel is a hopper-type drying vessel having 
a cylindrical body part provided at its top with a domed part and at its bottom with a hopper part having a reversed 
conical form. 

1 3. The drying apparatus as claimed in any of claims 1 0 to 1 2, wherein the second drying gas collector D is composed 
of a protrudent plate disposed protrudently from an inner wall of the drying vessel toward a center axis of the drying 
vessel, said protrudent plate having an opening at its center. 

14. The drying apparatus as claimed in claim 13, wherein the protrudent plate has an inverted conical or inverted 
polygonal pyramid form, each of which has an opening at the apex. 

15. The drying apparatus as claimed in claim 13, wherein the protrudent plate comprises a disc-form body having an 
opening at its center and a cylindrical part which extends below from the vicinity of the opening. 

16. The drying apparatus as claimed in any of claims 13 to 15, wherein a ratb of D^^, in which represents an 
inside diameter of the cylindrical part and D4 represents a minimum inside diameter of the opening of the second 
drying gas collector D. ranges from 0.3 to 0.8. 

17. The drying apparatus as claimed in any of claims 10 to 1 2, wherein the second drying gas collector D is composed 
of an umbrella shaped collecting member arranged in a center of the drying vessel so as to provide a spacing 
between an outer peripheral part of the umbrella shaped collectong member and an inner wall of the drying vessel. 

18. The drying apparatus as claimed In claim 17. wherein the umbrella shaped collector D has the form of a cone, a 
polygonal pyramid or a disc. 

19. The drying apparatus as claimed in claim 17 or 18, wherein a ratio of 0^^, in which D, represents an inside 
diameter of the cylindrical part and D2 represents a maximum diameter of the second drying gas collector D, ranges 
from 0.2 to 0.8. 

20. The drying apparatus as claimed in claim 10 or 11. wherein the drying vessel comprises a greater diameter part 
having an inside diamet D5 disposed between a cylindrical part having an inside diameter D, and a hopper part. 
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the above D5 being greater than the above and a ratio of D^/De being in the range from 0.2 to 0.7. 
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Fig.1 



to pdymerizer 
to polymeiizer 



olefin gas 
(ethylene) 



solid polyolefin 
(LLDPE) 



8 



drying vessel A 



olefin gas 
(ethylene) 





recovered 
gas 



to flare 



12 



drying medium contai ning ^ 
inert gas 



-drying vessel B 




dried solid polyolefin 



15 



EP 0 801 081 A2 



Fig.2 
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Fig.3 
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FigA 
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